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ABSTRACT. During the 1997-1998 breeding seasons the author examined the nesting success of grassland
birds on plots that were mowed prior to the onset of nesting and on unmowed plots on a 3,700 ha
reclaimed stripmine in east-central Ohio. Grasshopper sparrows (Ammodramus savannarum), eastern
meadowlarks (Sturnella magnci), red-winged blackbirds (Agelaius pboeniceus^), Henslow's sparrows
(A. henslowiO, and bobolinks (Dolichonyx oryzivorus^ were the most abundant nesting species on the
reclaimed stripmine. No short-eared owl (Asio JTammeus}, Henslow's sparrow, bobolink, or mallard
(Anas platyrhynchos) nests were located on the mowed plots. Significantly more nests of all species
combined (P <0.05) were found on the unmowed plots, and pairs using mowed plots tended to initiate
nesting later in the season. A Mayfield analysis suggests that grasshopper sparrows had the greatest
overall nesting success on the reclaimed plots (46%), followed by red-winged blackbirds (30%) and
eastern meadowlarks (30%). During both years combined, nests on mowed plots suffered slightly
higher predation rates (47%) than did nests on unmowed (39%) and control (38%) plots (P >0.05). These
data suggest that early season mowing is detrimental to some grassland bird species on this reclaimed
stripmine since it precludes early nesting; however, it appears that Henslow's, savannah, and grass-
hopper sparrows, and other uncommon or sporadic grassland breeders in Ohio, are benefiting from
this expansive, reclaimed surface mine.
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INTRODUCTION
Surface mining for coal in the Appalachian region of
the eastern United States has resulted in the transfor-
mation of thousands of hectares of natural areas to
significantly altered ecosystems frequently dominated
by exotic herbaceous and woody plant species (Whit-
more and Hall 1978; Whitmore 1980; Wray and others
1982; Brenner 1984; Brenner and others 1984). These
areas often lack the species diversity and ecosystem
stability that existed prior to reclamation efforts (Wray
and others 1982; Brenner 1985, 1990). Concomitant
with the conversion of surface-mined areas in the
eastern US from forests to grasslands has been a steady
conversion of native tallgrass prairies and, to a lesser
extent, hayfields and pastures to agricultural fields
(Troutman and others 1979; Farris and Cole 1981;
Bollinger and Gavin 1989; Hands and others 1989; Smith
1992; Herkert 1994a). This in turn has led to the steady
decline of several grassland bird species in the central
and eastern US (Robbins and others 1986; Herkert 1991,
1994a, 1997; Knopf 1994; Swanson 1996; Helzer and
Jelinski 1999; Bajema and others 2001). For example,
populations of grasshopper sparrows (Ammodramus
savannarum), eastern meadowlarks (Sturnella magna),
Henslow's sparrows (A. henslowii), and bobolinks
(Dolichonyx oryzivorus) have declined by as much as
84%, 74%, 70%, and 59%, respectively, from 1966
through 1991 in Ohio (Swanson 1996). Thus, although
reclaimed stripmines are artificial ecosystems, they pro-
vide a potential refuge for a variety of grassland birds
whose populations are declining and might not other-
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wise be able to survive in the area (see Whitmore and
Hall 1978; Whitmore 1980, 1981; Anderson and others
1994; Swanson 1996; Bajema and others 2001). Although
populations of grasshopper and Henslow's sparrows
have declined steadily in the glaciated portions of Ohio,
their numbers have increased in the southeastern, un-
glaciated counties where nesting habitat has become
increasingly common during the past 25 years on re-
claimed stripmines (Peterjohn 1989; Peterjohn and Rice
1991). Eastern meadowlark populations in Ohio are
most robust on reclaimed stripmines in the southeastern
portion of the state (Peterjohn and Rice 1991). Bobolinks
are not as common in southeastern Ohio, but they fre-
quently use reclaimed surface mines for nesting (Whit-
more and Hall 1978; Peterjohn 1989; Peterjohn and Rice
1991).
If islands of reclaimed land are going to provide suit-
able nesting habitat that will help to maintain sustainable
populations of grassland birds, the size of such tracts, as
well as a variety of extrinsic factors that influence grass-
land habitat structure (for example, mowing, hay-
cropping, burning, and grazing) should be considered.
The size of a grassland tract has been shown to play a
key role in determining which bird species are able to
establish breeding populations in a given area (Herkert
1991; Herkert and others 1993; Vickery and others 1994;
Bollinger 1995; Swanson 1996; Helzer and Jelinski 1999;
Walk and Warner 1999; Bajema and others 2001). Unlike
most of the unmined land in southeastern Ohio (most of
which is farmland), large portions of reclaimed strip-
mines in this region are ungrazed, unburned, and un-
mowed, and ostensibly provide suitable nesting habitat
for a variety of grassland birds including those species that
are sensitive to habitat fragmentation (for example,
Henslow's sparrow; see Swanson 1996). Such sites should
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also provide a good arena to study the effects of mowing
and hay-cropping on the reproductive success of grass-
land birds. Numerous studies have demonstrated that
mowing and hay-cropping have had adverse affects on
the breeding success of a variety of grassland bird
species in the midwestern and northeastern US, par-
ticularly when the mowing and hay-cropping were done
between May and August (Baskett and others 1980;
Bollinger 1988; Frawley 1989; Sample 1989; Warner and
Etter 1989; Bollinger and others 1990; Frawley and Best
1991; Herkert 1994a,b; Swanson 1996). Few researchers,
however, have examined the effects of spring mowing
(prior to 1 May) and fall mowing (after 1 August) on habi-
tat use of grassland birds and recruitment of species to
grasslands (but, see Herkert 1994a,b). Surprisingly few
studies have focused on the reproductive success of
grassland birds on reclaimed stripmines versus com-
parable unmined pasture or farmland.
My objectives in this study were to: 1) examine and
compare the habitat use, nesting density and reproduc-
tive success of grassland-nesting birds on a reclaimed
stripmine compared to nearby unmined plots, and 2) test
the effects of spring mowing (prior to 1 May) on the
differential use of reclaimed grasslands by these birds.
Since the grasslands on the reclaimed mine are more con-
tiguous and expansive, I hypothesized that grassland
bird diversity would be greater in this area than on the
unmined plots, and that grassland birds would be more
abundant and initiate nesting earlier on the reclaimed
plots that had not been mowed prior to the on nesting
compared to mowed plots.
STUDY AREA
This study was conducted from early May through
late July 1997-1998 at the Wilds (International Center
for the Preservation of Wild Animals), a 3,700 ha re-
claimed stripmine at the intersection of Muskingum,
Guernsey, and Noble counties in southeastern Ohio. In
addition, data were collected on five unmined pastures
(control sites) situated approximately 25 km north of
the Wilds. The Wilds was initially stripmined by the Ohio
Power Coal Company in the 1940s and 1950s. After a
10- to 15-year hiatus, the land was again mined from
1969-1984 and subsequently converted to mostly hilly
grasslands with scattered wood lots, drainage ponds
and lakes, and a large wetland area. The dominant
grasses and herbs on the Wilds include fescue (Festuca
spp.), orchard grass (Dactyli glomeratd), timothy grass
(Phelum pratense), rye grass (Lolium spp.), brome grass
(Bromus inermis), Kentucky blue grass (Poa pratensis),
redtop (Agrostis giganted) yellow sweet clover (Melilo-
tus officinalis), and birdsfoot trefoil (Lotus cornicu-
latus). The dominant shrubs and woody species in-
cluded Lespedeza (Lespedeza serecia), autumn olive
(Elaeagnus multiflora), black locusts (Robinia
pseudoacacid) and pines (Pinus spp.).
Plant species composition on the control sites over-
lapped to some degree with the Wilds study site. Two of
the 5 control sites in 1997 and 3 of the 5 control sites in
1998 were located in hay fields dominated by orchard
grass, timothy grass, rye grass, brome grass, fescue, blue
grass, red clover (Trifolium repens), and alfalfa (Medicago
saliva). The remaining control sites during both years
were situated in unmanaged pastures (not mowed or
grazed) characterized by a variety of herbaceous dicots
including goldenrod (Solidago spp.), ironweecl (Vernonia
spp.), mint species, Indian hemp (Apocynum can-
nabinum), and blackberry (Rubus allegbeniensis), as
well as orchard grass, fescue, timothy, and blue grass.
One of the control sites in 1997 was a low-lying, un-
managed pasture with some standing water. This plot
was dominated by sedges (Carex spp.), goldenrod,
Indian hemp, blackberry, poison ivy (Rhus radicans),
blue grass, and a patch of cattails (Typba spp.). Because
this plot was somewhat unique in its species composi-
tion, it was replaced with a hay field in the 1998 study.
METHODS
Data were collected on fifteen 210 x 90 m randomly-
chosen, rectangular plots (1.9 ha; 10 on the Wilds and
5 control sites). All 10 mined plots were bordered on at
least three sides by more than 50 ha of additional
contiguous grasslands with some scattered autumn olive
trees. The amount of contiguous grassland surrounding
the control plots ranged from 4.0 ha to approximately
20 ha, and was frequently bordered by forests and
woodlands on more than one side. Five of the reclaimed
mined plots (the same each year) were bush-hogged
and the cut vegetation was left lying in the plots during
mid-April of both years. The remaining five Wilds plots
were left uncut during both years. Both hay field control
sites in 1997 and all three hay field control sites in 1998
were cut and raked for hay in late May or early June.
We actively searched for nests four to five days each
week. Most nests were located by dragging rope (see
Higgins and others 1969), although additional nests
were found by randomly flushing birds from nests while
walking or by following adults feeding nestlings. Each
nest was marked with a flag 2.0 m north of the nest,
and all nests were checked once or twice weekly.
The reproductive success for each bird species was
calculated using the Mayfield method (Mayfield 1961,
1975). A nest was considered active if at least one egg
was present, and a nesting effort was considered suc-
cessful if at least one nestling fledged. Since the nestlings
of many ground-nesting, grassland birds leave the nest
before they are capable of flying, I considered them to
have fledged if they remained in the nest at least 8-10
days (see Wheelright and Rising 1993; Vickery 1996), and
there were no signs of predation. A nest was considered
lost to a predator if the eggs were removed or broken,
or if the nest was disturbed and the nestlings disap-
peared from the nest during their first week. I con-
sidered a nest abandoned if I detected no activity
during three consecutive visits, or if the eggs were cold
or the nestlings were found dead in the nest (see
Kershner and Bollinger 1996).
I conducted strip transect censuses (see Emlen 1977;
Conner and Dickson 1980) between 0600 and 1030 on
each of the 15 plots once a week throughout the study
(14 transect days in 1997 and 13 transect days in 1998).
In order to avoid the potential for observer bias, I was
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the only person to collect transect data. Transect lengths
were 210 m; transect widths were 45 m on each side of
the transect line on all plots. All birds that were seen or
heard within the transect boundaries, as well as birds
that flew into or out of the transect plot during the
census, were counted. Birds that flew over the plot with-
out landing were not counted. Overall relative abun-
dance, pooled from all plots, was calculated using the
transect data for each bird species; additionally, bird
abundances for each species at the Wilds were deter-
mined for mowed and unmowed plots.
I used /-tests to test for differences in the numbers
of each bird species on mowed versus unmowed plots;
however, in some instances in which the data were not
normally distributed, I used Mann-Whitney Rank Sum
Tests. Since my nest sample size for most species on the
Wilds was rather small, I combined the total number of
nests for all species in each year and used Chi-square
tests to examine whether there were differences in the
total number of nests on mowed versus unmowed plots.
I used a contingency table Chi-square test to compare
the number of nest starts for all species combined
before 1 June in each year (an arbitrary date by which
most grassland bird pairs had initiated their first clutch)
on mowed versus unmowed plots and to the number
of nests initiated after 1 June. I examined whether
there were differences in the number of nests lost to
predators on mowed compared to unmowed and control
plots during both years using contingency table Chi-
square tests. All statistical analyses were performed
with Sigma Stat (version 2.03 on a PC computer).
RESULTS
Species Abundance
Grasshopper sparrows, Henslow's sparrows, eastern
meadowlarks, red-winged blackbirds (Agelaius phoeni-
ceus), and bobolinks were the most abundant species on
the Wilds during both 1997 and 1998 (Fig. 1). Savannah
sparrows (Passerculus sandwichensis) and short-eared
owls (Asio flammeus) were found exclusively on the
reclaimed plots. Red-winged blackbirds, song sparrows
(Melospiza melodia), eastern Meadowlarks, European
The Wilds
Short-eared Owl
Field Sparrow
Song Sparrow
Yellowthroat
Goldfinch
Savannah
Bobolink
Red-wing
Meadowlark
Henslow's
Grasshopper
Bird Densities - all Plots
Density 1997
Density 1998
Birds/Hectare
starlings (Sturnus vulgaris) and Field Sparrows (Spizella
pusilla) were generally the most abundant species on the
control plots during both years, although Henslow's
sparrows and bobolinks were prominent in 1998 (Fig.
2). Significantly more Henslow's sparrows were detected
Bird Densities - Unmined Plots
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FIGURE 1. Mean densities of grassland birds on a reclaimed stripmine
based on 14 strip-transect censuses done on each of 10 plots in 1997
and 13 censuses on each of 10 plots in 1998.
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FIGURE 2. Mean densities of grassland birds on control (unmined) plots
based on 14 strip-transect censuses done on each of 5 plots in 1997
and 13 censuses on each of 5 plots in 1998.
along transects in unmowed plots than on mowed plots
during each year (Mann-Whitney Rank Sum Test; 1997,
U = 17.5; df = 8; P = 0.03; 1998, U = 10; df = 6; P = 0.028)
(Fig. 3). Short-eared owls were significantly more abun-
dant along transects in the unmowed plots in 1998 (t =
3.29; df = 6; P = 0.02). No significant differences were
detected in the numbers of any of the other species on
the mowed versus unmowed plots during either year.
Nest Densities
Nest densities of all species combined on unmowed
plots were greater than on mowed plots in both 1997
and 1998 (Fig 4.), and the total number of nests for all
species was significantly greater on unmowed versus
mowed plots during 1997 (n = 29; X2 = 4.96, df = 1, P
<0.05), but not in 1998 (n = 39; X2 = 3-69, df - 1, P>0.05).
The total number of nests for both years combined was
significantly greater on the unmowed plots (n = 68; X2 =
9.19, df = 1, P <0.01). Nests of bobolinks, short-eared
owls, Henslow's sparrows, and mallards (Anas platy-
rhynchos) "were found only on the unmowed plots (Fig.
5). No significant differences were detected in the nest
densities of red-winged blackbirds, eastern meadow-
larks, savannah or grasshopper sparrows on mowed
versus unmowed plots during either year (P >0.05)
(Fig. 5). Red-winged blackbirds had the greatest nest
densities on the control plots during both years (Fig. 6),
although the majority (75%) of red-winged nests were
located on the wetland plot in 1997 (the plot that was
replaced with a hayfield in 1998). The species composi-
tion of nesting birds on the control versus stripmined
plots was markedly different (Figs. 5 and 6).
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FIGURE 3- Mean densities of grassland birds on mowed and un-
mowed reclaimed stripmine plots based on 14 strip-transect censuses
on each of 5 plots in 1997 and 13 strip-transect censuses on each of 5
plots in 1998.
Nest Predation
Nest predation accounted for 38% of nest failures on
both mowed and unmowed plots in 1997 (3/8 and 8/21,
respectively) and 46% (6/13) and 35% (9/26), respectively
in 1998.1 detected no difference in the predation rate on
the mowed versus unmowed and control plots during
either year or during both years combined. Mayfield
analyses revealed that nest success on all the stripmined
plots when both years were combined ranged from
30% for red-winged blackbirds and eastern meadow-
larks, to 93% for bobolinks (Table 1; sample sizes were
too small to compare mowed versus unmowed plots).
Nest predation accounted for 35% (9/26) and 45% (5/
11) of nest failures on the control plots during 1997 and
1998, respectively. Nest success ranged from 32% for
song sparrows to 36% for American robins (Turdus mi-
gratorius) when both years were combined (Table 1).
Timing of Nesting
The number of nests of all species initiated on un-
mowed plots before versus after 1 June 1997 (11
before, 10 after) was significantly greater than the
number of nests initiated on mowed plots before
1998
1997
= 39
N = 29
Nests/Hectare
FIGURE 4. Mean density of nests of all grassland bird species combined
on five mowed and five unmowed reclaimed stripmine plots in 1997
and 1998.
versus after 1 June (0 before, 7 after; X2 = 4.04, df = 1,
P <0.05); however, the difference was not significant
in 1998 (18 before, 8 after on unmowed; 7 before, 6
after on mowed; X2 = 0.35, df = 1, P >0.05) or when
both years were combined (29 before, 18 after on
unmowed; 7 before, 13 after on mowed; X2 = 3.02, df -
1, P= 0.08).
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FIGURE 5. Mean density of grassland bird nests on five mowed and five
unmowed reclaimed stripmine plots in 1997 and 1998.
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FIGURE 6. Mean nest density of grassland birds on five control plots in
1997 and 1998.
DISCUSSION
Several grassland bird species, including bobolinks,
Henslow's sparrows, and savannah sparrows, considered
to be area sensitive, were common at the Wilds. Area-
sensitive grassland birds are most commonly found on
tracks of land >50 ha, and are the most vulnerable to
habitat fragmentation (Herkert 1991; Swanson 1996;
Walk and Warner 1999). Grasshopper sparrows, eastern
meadowlarks, and red-winged blackbirds, which are less
vulnerable to habitat fragmentation, were also common
on this reclaimed stripmine. These data generally sup-
port the findings of others which suggest that reclaimed
stripmines frequently provide large (>50 ha), contiguous
patches of anthropogenic grasslands that attract grass-
land birds that might otherwise be uncommon or absent
in the area (see Wray and others 1982; Peterjohn 1989;
Peterjohn and Rice 1991; Vickery and others 1994; Swan-
son 1996; Bajema and others 2001).
During this study I found four short-eared owl nests
and three confirmed nesting pairs of short-eared owls,
all but one of which were on the unmowed, reclaimed
plots (one of the pairs was located off the study plots in
an unmowed area). Holt and Leasure (1993) reported
that short-eared owls nest only in the extreme northern
counties of Ohio. Peterjohn (1989) and Peterjohn and
Rice (1991) reported that breeding short-eared owls in
Ohio, particularly in the unglaciated portion of the state,
are rare, and although there have been occasional
reports of summering owls on reclaimed stripmines in
southeastern Ohio, their breeding status remained un-
certain. Peterjohn and Rice (1990 also suggested that
some owls are likely overlooked in certain areas such
as on extensive reclaimed stripmines. Thus, although it
appears that short-eared owls have been occasionally
nesting on reclaimed mines in southeastern Ohio during
the past few decades, my findings represent some of
the few, if not the only, confirmed short-eared owl nests
in this portion of the state in several decades.
Species composition on the control sites included
many of the same grassland birds found on the re-
claimed stripmine, (for example, bobolinks, eastern
meadowlarks, Henslow's and grasshopper sparrows),
but in fewer numbers and generally confined to the
hayfields. Since each hayfield was mowed in early June
of both years, it is likely that these populations were
far less successful than those at the Wilds. Not surpris-
ingly, red-winged blackbirds were the most abundant
species on the control plots as well as one of the most
abundant species on the reclaimed stripmine, perhaps
reflective of their proclivity to nest in a wide variety of
TABLE 1
Results of Mayfield analyses of reproductive success on grassland birds on the reclaimed stripmine
and on the control plots in 1997, 1998, and in both years combined.
Species 1997 1998 Combined
Reclaimed Stripmine Plots
Red-winged Blackbird
Grasshopper Sparrow
E. Meadowlark
Savannah Sparrow
Bobolink
Short-eared Owl
Henslow's Sparrow
0.22 (n = 8)
0.49 (n = 6)
0.17 (n - 5)
0.51 (n = 4)
0.89 (n = 2)
0.42 (n = 10)
0.43 (n = 13)
0.34 (n = 8)
1.00 (n = 1)
1.00 (n = 1)
0.59 (n = 3)
0.47 (n = 2)
0.30 (n = 18)
0.46 (n = 19)
0.30 (n = 13)
0.51 (n = 4)
0.93 (n = 3)
0.59 (n = 3)
0.64 (n = 3)
Control Plots
Red-winged Blackbird
Field Sparrow
Robin
E. Meadowlark
Song Sparrow
0.23 (n = 20)
0.83 (n = 2)
0.38 (n = 6)
0.36 (n = 4)
0.37 (n = 2)
0.34 (n = 26)
0.83 (n = 2)
0.36 (n = 4)
0.37 (n = 2)
0.32 (n = 2)
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habitats (see Yasukawa and Searcy 1995).
In this study, I found differences in species com-
position, bird abundances, nest densities, and the timing
of nesting of birds on the mowed versus unmowed
plots. The small sample size of nests in this study pre-
cludes me from making broad-based inferences regard-
ing the nesting success of these grassland species. How-
ever, it did appear that short-eared owls, bobolinks,
and Henslow's sparrows avoided nesting on the mowed
plots, at least early in the season, although some bobo-
links and Henslow's sparrows were detected along
transects in the mowed plots later in the season. Although
bobolinks to some extent favor new vegetative growth
for nesting and foraging (Wittenberger 1978), the period
of time between mowing and the onset of nesting in
this study apparently did not allow enough regrowth to
provide adequate bobolink nesting habitat. My findings
suggest that early-season mowing was detrimental to
Henslow's sparrows; future studies might also address
the effects of late-season mowing on this species since
mowing will likely be considered as a successional
management tool at the Wilds in the future.
With the possible exception of eastern meadowlarks,
the two grassland bird species in this study that seemed
to be unaffected by early-season mowing were savannah
and grasshopper sparrows. Both species nested about
equally on mowed and unmowed plots and neither
species seemed to require much cover for nest con-
cealment. These findings are fairly consistent with the
literature. Herkert (199D and Sample (1989) found that
savannah sparrows were most abundant in fields that
had been recently mowed (prior to nesting) and generally
avoided habitats characterized by tall, dense vegetation.
Sample (1989) reported that savannah sparrows seemed
to prefer managed or recently disturbed areas that
possessed shorter, sparser vegetation. Like savannah
sparrows, grasshopper sparrows also prefer sparse,
grassy vegetation for nesting (Cody 1968; Weins 1969,
1973), and Herkert (1991, 1994b) found that the nesting
density of grasshopper sparrows was twice as high on
areas mowed during the four months prior to nesting
than on unmowed areas.
Perhaps one influence that early season mowing had
on the breeding birds in this study was that it seemed
to force a delay in the initiation of nesting compared to
birds on the unmowed plots. Typically, savannah and
grasshopper sparrows, as well as eastern meadowlarks
and red-winged blackbirds, those species that nested
on the mowed plots, are capable of producing two or
more successful broods in a single season (see Wheel-
wright and Rising 1993; Lanyon 1995; Vickery 1996). It
is possible that the early-season mowing in this study
reduced the chances of these species producing multiple
broods on the mowed plots as a result of this delay.
The predation rate for all plots on the reclaimed strip-
mine for both years was 41%, which was comparable
to what Wray and others (1982) reported for grassland
birds on a reclaimed stripmine in West Virginia (43%).
Predation rates for all species were about the same on
the mowed, unmowed, and control plots in 1997, and
only slightly higher on the mowed and control plots
compared to the unmowed plots in 1998. Apparently
early mowing did not significantly enhance the rates at
which predators located nests. Wray and others (1982)
concluded that even though reclaimed surface mines in
West Virginia provided adequate nesting habitat for a
variety of grassland birds, low reproductive success and
high predation rates suggest that these anthropogenic
grasslands were acting as a population sink. The re-
productive success of grasshopper sparrows in this study
was much higher than what Wray and others (1982)
reported for this species during the last two years of
their study (46% versus 8%). Eastern meadowlark and
red-winged blackbird reproductive success in this study
was higher than what Kershner and Bollinger (1996)
reported for these species nesting on airport grasslands
(30% and 30%, respectively, in this study, versus 14%
and 6%). These findings should be interpreted cautious-
ly, however, because of my small nest sample size (n =
69 for all species during both years combined). It
appears though that this reclaimed stripmine is sup-
porting sustainable populations of grasshopper and
savannah sparrows, as well as red-winged blackbirds,
eastern meadowlarks, bobolinks, and Henslow's sparrows.
A study currently underway on the same plots exam-
ining grassland bird nest-site fidelity with color-banded
individuals, seems to support this conclusion.
ACKNOWLEDGMENTS. I am indebted to the Dr. Charleen Kirkpatrick and
the Green Educational Foundation for helping fund this research, as
well as to Dr. Evan Blumer, Deputy Director of the Wilds, for en-
couraging this study and granting me permission to work at the Wilds.
I thank the many landowners in Guernsey County for allowing me
to conduct research on their property. This research would not have
been possible without the help of many dedicated volunteers and
student assistants, including Amanda Murray, Ed Pitts, Joleen Stall,
Jason Larson, Erin Newburn, Alison Light, and Dr. Jim Dooley. Finally,
but not least, I thank Robin Densmore for her help and encourage-
ment throughout the study and Dr. Jerome Jackson and two
anonymous reviewers for reading an earlier draft of this manuscript.
LITERATURE CITED
Anderson SA, McKinstry M, Shelley K. 1994. Reclaiming minelands
to benefit wildlife. North Am Wildl Nat Resour Conf 59:303-8.
Bajema RA, DeVault TL, Scott PE, Lima SL. 2001. Reclaimed coal mine
grasslands and their significance for Henslow's sparrows in the
American Midwest. Auk p 422-31.
Baskett TS, Darrow DA, Hallett DL, Armbruster MJ, Ellis JA, Sparrowe
BF, Korte PA. 1980. A handbook for terrestrial habitat evaluation
in central Missouri. US Fish and Wildl Serv Resour Publ 133. 155 p.
Bollinger EK. 1988. Breeding dispersion and reproductive success of
Bobolinks in an agricultural landscape [PhD dissertation]. Ithaca
(NY): Cornell Univ. 189 p.
Bollinger EK. 1995. Successional changes and habitat selection in
hayfield bird communities. Auk 112:720-30.
Bollinger EK, Gavin TA. 1989. The effects of site quality on breeding
site fidelity in Bobolinks. Auk 106:584-94.
Bollinger EK, Bollinger PB, Gavin TA. 1990. Effects of hay-cropping
on eastern populations of the Bobolink. Wildl Soc Bull 18:142-50.
Brenner FJ. 1984. Restoration of natural ecosystems on surface coal
mines in the northeastern United States. In: Vezlroglu TN, editor.
The Biosphere: Problems and Solutions. Amsterdam: Elsevier.
p 211-25.
Brenner FJ. 1985. Land reclamation after strip coal mining in the United
States. Mining Magazine, Sept 1985. p 211-217.
Brenner FJ. 1990. Mine reclamation: opportunity for critical habitat
development. Ecosystem Management: rare species and significant
habitats. NY State Museum Bull 471. p 235-8.
Brenner FJ, Werner M, Pike J. 1984. Ecosystem development and
natural succession in surface coal mine reclamation. Minerals and
the Environ 6:10-22.
62 BIRDS ON RECLAIMED STRIPMINE VOL. 102
Cody ML. 1968. On the methods of resource division in grassland
bird communities. Am Nat 102:107-47.
Conner RN, Dickson JG. 1980. Strip transect sampling and analysis
for avian habitat studies. Wildl Soc Bull 8. p 4-10.
Emlen JT. 1977. Estimating breeding season bird densities from
transect counts. Auk 94:455-68.
Farris AL, Cole JH. 1981. Strategies and goals for wildlife habitat
restoration on agricultural lands. Trans North Am Wildl Nat
Resour Conf. 46:130-6.
Frawley BJ. 1989. The dynamics of nongame bird breeding ecology
in Iowa alfalfa fields [MS thesis]. Ames: Iowa State Univ. 94 p.
Frawley BJ, Best LB. 1991- Effects of mowing on breeding bird
abundance and species composition in alfalfa fields. Wildl Soc
Bull 19. p 135-42.
Hands HM, Drobney RD, Ryan MR. 1989. Status of the Henslow's
Sparrow in the northcentral United States. US Fish and Wildl Serv,
Mo Coop Res Unit, Columbia. 12 p.
Helzer CJ, Jelinski DE. 1999- The relative importance of patch area
and perimeter-area ratio to grassland breeding birds. Ecol App
9:1448-58.
Herkert JR. 1991. An ecological study of the breeding birds of grass-
land habitats within Illinois [PhD dissertation]. Urbana: Univ
Illinois. 115 p.
Herkert JR. 1994a. Status and habitat selection of the Henslow's
Sparrow in Illinois. Wilson Bull 106. p 35-45-
Herkert JR. 1994b. Breeding bird communities of midwestern prairie
fragments: the effects of prescribed burning and habitat-area. Nat
Areas J 14:128-35.
Herkert JR. 1997. Bobolink Dolichonyx oryzivorus population
decline in agricultural landscapes in midwestern USA. Biol
Conserv 80:107-12.
Herkert JR, Szafoni RE, Kleen VM, Schwegman JE. 1993- Habitat estab-
lishment, enhancement, and management for forest and grassland
birds in Illinois. IL Dept Conserv Nat Heritage Tech Publ No 1. 20 p.
Higgins KF, Kirsch LM, Ball IJ. 1969. A cable-chain device for locating
duck nests. J Wildl Manage 33:1009-11.
Holt DW, Leasure SM. 1993. Short-eared Owl (Asio flammeus). In:
Poole A, Gill F, editors. The Birds of North America. No 62.
Philadelphia (PA): Acad Nat Sci; Washington (DC): Amer
Ornithologists' Union, p 2-3.
Kershner EL, Bollinger EK. 1996. Reproductive success of grassland
birds at east-central Illinois Airports. Am Midi Nat 136:358-66.
Knopf FL. 1994. Avian assemblages on altered grasslands. Stud
Avian Biol 15:247-57.
Lanyon WE. 1995. Eastern Meadowlark (Sturnella magna). In: Poole
A, Gill F, editors. The Birds of North America. No 160. Phila-
delphia (PA): Acad Nat Sci; Washington (DC): Amer Orni-
thologists' Union, p 2-5.
Mayfield HF. 1961. Nesting success calculated from exposure. Wilson
Bull 73. p 255-61.
Mayfield HF. 1975- Suggestions for calculating nest success. Wilson
Bull 87. p 456-66.
Peterjohn BG. 1989- The birds of Ohio. Bloomington: Indiana Univ
Pr. 237 p.
Peterjohn BG, Rice DL. 1991. The Ohio breeding bird atlas. Colum-
bus: OH Dept Nat Resour. 4l6 p.
Robbins CS, Bystrak D, Geissler PH. 1986. The breeding bird survey:
its first fifteen years, 1965-1979. US Fish and Wildl Serv Resour
Publ 157. 196 p.
Sample DW. 1989- Grassland birds in southern Wisconsin: habitat
preference, population trends, and response to land use changes
[MS thesis]. Madison: Univ Wisconsin. 588 p.
Smith CR. 1992. Henslow's Sparrow Ammodramus henslowii. In:
Schneider KJ, Pence DM, editors. Migratory nongame birds of
management concern in the northeast. Newton Corner (MA): US
Fish and Wildl Serv. p 315-30.
Swanson DA. 1996. Nesting ecology and nesting habitat require-
ments of Ohio's grassland-nesting birds: a literature review.
Columbus: Ohio Fish and Wildl Rept 13, Ohio Dept Nat Resour.
60 p.
Troutman KR, Denny G, Brucker RW. 1979. Relicts of the past. In:
Lafferty MB, editor. Ohio's Natural Heritage. Columbus: Oh Acad
Sci. p 132-57.
Vickery PD. 1996. Grasshopper Sparrow {Ammodramus savannarurri).
In: Poole A, Gill F, editors. The Birds of North America. No 239.
Philadelphia (PA): Acad Natural Sci; Washington (DC): Amer
Ornithologists' Union, p 1-5.
Vickery PD, Hunter ML Jr, Melvin SM. 1994. Effects of habitat area
on the distribution of grassland birds in Maine. Conserv Biol
8:1087-97.
Walk JW, Warner RE. 1999- Effects of habitat area on the occurrence of
grassland birds in Illinois. Am Midi Nat 141:339-44.
Warner RE, Etter SL. 1989. Hay cutting and the survival of pheasants:
a long-term perspective. J Wildl Manage 53:455-61.
Wheelwright NT, Rising JD. 1993- Savannah Sparrow (Passerculus
sandwichensis). In: Poole A, Gill F, editors. The Birds of North
America. No 45. Philadelphia (PA): Acad Natural Sci; Washington
(DC): Amer Ornithologists' Union, p 1-5; 19.
Whitmore RC. 1980. Reclaimed surface mines as avian habitat
islands in the eastern forest. Am Birds 34:13-4.
Whitmore RC. 1981. Structural characteristics of Grasshopper Sparrow
habitat. J Wildl Manage 45:811-14.
Whitmore RC, Hall GA. 1978. The response of passerine species to a
new resource: reclaimed surface mines in West Virginia. Am
Birds 32:6-9.
Weins JA. 1969- An approach to the study of ecological relation-
ships among grassland birds. Ornithol Monogr 8:1-93.
Weins JA. 1973- Interterritorial habitat variation in Grasshopper and
Savannah Sparrows. Ecol 54:877-84.
Wittenberger JF. 1978. The breeding biology of an isolated Bobolink
population in Oregon. Condor 80:355-71.
Wray T, Strait KA, Whitmore RC. 1982. Reproductive success of
grassland sparrows on a reclaimed surface mine in West Virginia.
Auk 99:157-64.
Yasukawa K, Searcy WA. 1995- Red-winged Blackbird (Agelaius
phoeniceus). In: Poole A, Gill F, editors. The Birds of North
America. No 184. Philadelphia (PA): Acad Natural Sci; Washington
(DC): Amer Ornithologists' Union, p 1-5.
